By the end of the evaluation of this research artifact, readers would be able to describe the effect of conducted plasma on evolution of stellar objects. In this script, we have analyzed the stability of charged cylindrically symmetric stellar objects in the context of f (R, T ) theory of gravity. We have fabricated field equations and their conforming dynamical equations and then we have used perturbation scheme for additional analysis. Adiabatic index Γ has been used to sort inequalities in the Newtonian and the post Newtonian regimes. At the end we caught some extra limitations due to which we have concluded that effect of charge on star upsurges its instability.
I. INTRODUCTION
If we want to inscribe something about Sciences, it is said that Astronomy is the hoariest one. Man remained curious about astronomy, its components, sun, moon and stars since the beginning of his understanding and during his migration towards civilization. Discussion regarding stars is a vital constituent of Astronomy and Astrophysics. A star is basically an object that radiates energy in the form of light and has its own gravity.
How does and why does a star collapse? Answer to this query remained a mystery for people for a long span but it ignited a spark in human mind to think about the instability of star that finally leads to the collapse of star. Star radiate light energy continuously due to burning of fuel within the star and the fuel is decreased with the passage of time. The decrease in fuel leads to instability of star. It is observed that there exists a unique relationship between mass and life of a star. Massive stars evolve speedily as compared to the stars with low masses because massive stars have excessive fuel for fission reaction within their cores and they lose their fuels speedily as compared to the stars with low masses. There must be a strong equilibrium between inwards and outwards gravitational pulls of a star for its stability. The disturbance in this particular equilibrium leads to the collapse of the star. We are going to select a cylindrically symmetric stellar model for stability analysis. Researchers and readers would be able to describe some conditions for stability of stellar objects after reading this article.
Researchers have been thinking of expansion of the universe [1, 2] but there was a need to elaborate constraints for the stability of universe and stellar objects. The stability circumstances of stellar objects are being discussed widely by researchers working in the areas of General Relativity, Cosmology and Astrophysics. If we go back, Chandrasekhar was one of the innovators who discussed the dynamical stability of stars. He developed some conditions for stability of stars in the context of General Relativity [3] . Following Chandrasekhar, Herrera et al [4] discussed and compared the instability of stars in the context of Newtonian and Relativistic corrections and in terms of spherical collapse. He found that the fluid is less unstable in case of relativistic corrections due to dissipation while Newtonian corrections will increase the stability of fluid. He further derived an equation for different aspects of evolution of stellar objects [5] plus he also discussed some constraints for instability of stars in terms of some physical factors like shear, pressure and temperature in the context of Einsteins general theory of Relativity [6−13] . Researchers have been using a special perimeter for the description of instability of stars which is called adiabatic index denoted by G. The adiabatic index G is defined as pressure to density ratio and it has been used to describe the stability range of stellar bodies [14, 15] .
Electromagnetism can affect the stability circumstances of stellar bodies. A star always has some amount of conductive plasma within its core and movement of this conductive plasma generates notable amount of magnetic field which is called stellar magnetic field. We know that the transfer of heat energy through movement of hot material is called convection so we can say that the stellar magnetic field is generated due to convection. One of the effects of this magnetic field upon stars is the creation of star spots. Actually a restricted amount of magnetic field pulls out plasma which increases the outward pressure on plasma without increasing its density. As a result the magnetized amount of plasma rises to stars outer surface as compared to the remaining amount of plasma which creates star spots on surfaces of stars. In 1924, Rossland [16] described the effect of electromagnetism on the stability of a star. He revealed that decrease in electric field can create an extreme instability in a star and a particular level of decrease in electric field can cause the conversion of a charged star into a charged black hole. He further described the period of existence of charged stars and revealed that these charged stars would exist within the very short period between the supernova explosion and the formation of the charged black holes. Bekenstien [17] exposed that electromagnetism has a notable effect on system of stellar bodies but he was not able to describe the stability of charged stellar bodies. Glazer [18] in 1979 presented a relativistic solution for charged stellar objects with the help of Chandrasekhars work. Glazer discussed the effect of electromagnetism upon dynamical instability of isotropic material. Zhang et al. [19] considered the effect of electric charge upon the stability of stars and revealed that if the charge density and mass density of a charged star are equal, this particular equivalence disrupts the formation of neutron star [20] . Sharif, Azam and Farooq [21, 22] discussed the influence of electromagnetic field upon the instability of stellar objects with the help of adiabatic index Γ. They constructed two simple inequalities in terms of adiabatic index Γ and finally concluded that Γ < 1 and Γ > 1 describes the stability and instability of stellar objects respectively. Researchers have been doing enough work on the effect of electromagnetism upon spherically symmetric systems but in this research paper we are going to select cylindrically symmetric system for stability analysis of charged stellar objects.
The instability problems for stellar objects were being solved by researchers with the help of General Relativity but discovery of dark matter and expansion of universe had put researchers in difficulty because this theory was no longer supportive for instability problems of stellar bodies in the presence of dark matter. After the discovery of dark matter and observational proofs of expansion of universe there was a need of a modified gravity theory because of the restrictions of theory of general relativity. Scientists considered f (R) theory as a basic modification among different modified theories because of inclusion of high order curvature R. With the help of f (R) theory scientists were able to solve instability problems in the existence of above revealed dark matter because they found that the stability range is increased after the inclusion of the curvature terms of higher order [23 − 26] . Stability problems for both spherically and cylindrically systems have been discussed extensively in the context of f(R) theory of gravity by researchers [27, 28] .
In this research paper, we are going to solve the instability problem in the context f (R, T ) theory of gravity which is another modified theory of gravity presented by Harko et al. [29] . The f (R, T ) theory of gravity is considered as a generalization of f (R) theory and it is used as an alternative to the general theory of relativity and it contains an arbitrary function of Ricci Scalar R and trace of energy momentum tensor T [30, 31] . Researchers have described solutions of so many instability problems in the context of f (R, T ) theory of gravity [32 − 38] . We will choose f (R, T ) theory of gravity for our stellar model in this article. While analyzing stability or instability of any star we must think about the model we are selecting for stability analysis because selection of proper model can make our work easy. The f (R, T ) model we are going to choose for stability analysis is described as f (R, T ) = R 0 + αR 2 + γR n + λT . This paper contains the following sections, after abstract and introduction, 
II. GOVERNING EQUATIONS
We can define modifies Einsten-Hilbert action in f (R, T ) gravity as
For our particular stability analysis we are going to use cylindrically symmetric self-gravitating source containing a 3 dimensional boundary surface Σ. Σ is 3D boundary surface which disjoins the four dimensional line element into two domains termed as interior and exterior region.
The interior region is defined as:
and we define exterior region in mathematical form as:
where ′ ν ′ indicates the retarded time, while ′ M ′ and ζ are indicating total gravitating mass and an arbitrary constant respectively.
We can have different form of field equations after simplifying the modified action given in equation (36) with respect to metric g αβ
where
, while ∇ α is the covariant derivative and ✷ is four-dimensional Levi-Civita covariant derivative. The term Θ αβ is given by
We are substituting L (m) = ρ and 8πG = 1, after that the expression Θ αβ will become as
Now the modified field equations (4) will become as
We are considering a material such that the values of physical properties change with respect to direction of the material. This type of material is called anisotropic material. In a particular case being discussed here the material is locally anisotropic and its density is variable so it will undergo dissipation in the form of shear viscosity.
As we have already mentioned in the abstract and introduction of this paper that our basic purpose is to study the effect of electromagnetism upon cylindrically symmetric stellar objects, we can not solve our instability problem without substituting the expression for electromagnetic tensor E (em) αβ in our required energy momentum tensor.
After considering all aspects mentioned above the expressions for effective energy momentum tensor T ef f αβ and energy momentum tensor for matter T m αβ for locally anisotropic fluid will have the following mathematical forms respectively [39] :
in above equations T (m) αβ indicates the energy momentum tensor for ordinary matter while E αβ indicates electromagnetic tensor plus ρ represent energy density, P r , P φ and P z are principal stresses, E (em) αβ represents electromagnetic tensor, while V β , S β , K β , η and ς αβ denote four-velocity, four-vectors, coefficient of shear viscosity and shear tensor respectively. Under co-moving relative motion, the four-vectors and four-velocity are defined as
above quantities satisfy the following relations
while the components of shear tensor σ αβ are defined as
Here a α is four acceleration and Θ is expansion scalar which defines the rate of change of matter distribution. These two quantities are defined by the following mathematical formulae:
The expression for electromagnetic tensor E (em) αβ can be written as,
We can write Maxwell equations as
Here F µν is representing Maxwell field tensor. It is observed that charge per unit length of cylindrical objects does not move with respect to comoving coordinates, hence the magnetic field in this local coordinate system [40] . Now we can deduce that
ϕ(t, r) and ζ are representing scalar potential and charge density respectively. For conservation of charge the system must satisfy following equation,
above expression indicates electric charge interior to radius r. After substituting equation (2) in Maxwell equations, we get following expression,
Differentiation with respect to time is being denoted by dot while differentiation with respect to radius is being denoted by prime We are supposed to obtain an expression for electric field intensity E(t, r), for this we can integrate equation (17) with respect to r, plus we are substituting ϕ ′ (t, 0) = 0, after integrating we will have,
and finally, we have an expression for electric field intensity E(t, r) as follows,
The expansion scalar Θ is defined as rate of change of dimensions of cylindrically symmetric stellar body with respect to time and it can be expressed mathematically as
A simple calculation provides the non-zero components of kinematical variables like four acceleration a α , expansion scalar Θ and shear tensor ς αβ for given fluid distribution of cylindrically symmetric gravitational source and these components are given below
where 'dot' and 'prime' indicate partial derivatives w.r.t. time and radius, respectively. similarly, We have calculated non zero components of Electromagnetic tensor E (em)
αβ ,
In the beginning of solution of our stability problem, we have calculated following set of f (R, T ) field equations for given interior metric,
for our selected line element mentioned in equation (2), the Ricci invariant can be written as,
If we want to analyze gravitational collapse or evolution of stellar objects we need to construct some equations which describe the motion of stellar objects with respect to time, such type of equations are called dynamical equations. So we are going to obtain dynamical equations for our stability problem. Researchers have been using contracted Bianchi identities for construction of required dynamical equations but in the context of f (R, T ) theory of gravity, dynamical equations are constructed using a different expression. Researchers have described divergence of effective energy momentum tensor T ef f αβ as a non zero expression. We are using following expression for evaluation of our required dynamical equations,
After using the expression mentioned above, we get two equations regarding divergence of effective energy momentum tensor T ef f αβ
I 0 (r, t) and I 1 (r, t) are mentioned in Appendix.
We use these dynamical equations to explain the deviation of stellar bodies from equilibrium state to collapse state. The deviation of stellar bodies from equilibrium state to evolution state is further analyzed using perturbation scheme. We are going to utilize perturbation scheme in next section
III. PERTURBATION SCHEME
Here we are going to use perturbation scheme for our stability analysis. It is basically used to describe an approximate solution of a system growing from initial stage to an advance stage. Perturbation is used when we can not solve a problem using hands on mathematics by including a very very small value like 0 < ε ≪ 1. The terms without ε describe the solution of the system at initial stages while the terms containing ε represent the solution of the system when it departs from its ground or equilibrium stage. As we can see here that ε is a very very small value, its higher powers will approach to zero so we will assume ε → 0 for ε 2 . After application of perturbation scheme we will be able to deduce some results that we need to have for examination of instability ranges. The results will be containing two parts i,e static parts (without ε) and perturbed parts (containing ε). Here we are using perturbation theory to examine the effects of f (R, T ) model over progression of stellar bodies under consideration from ground state to collapse state, so the selection of f (R, T ) model will be important here.
The
where n ≥ 3, α and γ are positive real values, λ is a coupling parameter. Considering 0 < ε ≪ 1 we will use these values given below during perturbation.
In above system of equations, R 0 is Ricci Scalar and the expression for static part of Ricci Scalar R 0 is given below,
while perturbed part of Ricci Scalar is given as,
For our convenience and for writing overlong results in a suitable form, we are using some assumptions i,e F = 1 + 2αR 0 + γnR
, and C 0 (r) = r The static configuration of non zero components of σ αβ does not give any result so, for static configuration of f (R, T ) field equations, we have following expressions,
During perturbation, if we apply static configuration on first dynamical equation (35), it is satisfied identically. The static configuration of second dynamical equation (36) yields following result,
indicates static part of I 1 (r, t), and it can be expressed as,
We had constructed equations (35) and (36) through non zero divergence of
, application of perturbation scheme will convert equations (35) and (36) as,
The perturbation of second dynamical equation (36) will provide us collapse equations which is given below,
We have derived an expression forρ using perturbed part of equation (64), integrating the expression for̺ with respect to t gives us,
The second law of thermodynamics can be used to describe a relation betweenP r and̺ with the help of an assumption stated in Harrison-Wheeler type equation [42] , this particular relation is called as the ratio of specific heat
The adiabatic index Γ is defined as the calculations of change in the pressure P with variation in density ̺. We have an expression forP r after substituting the value of̺ from equation (66) in equation (64) as,
We have derived an expression forP φ using perturbation of one of the field equations containingP φ , we have following expressions forP φ ,
where I 2 is given in appendix,
The 2 nd dynamical equation has given following result after substituting the expressions forρ,P r andP φ in equation (66),
after some alteration in equation (70), we are able to derive a 2 nd order differential equation, which is given below,
where κ(r) is given below and ι(r) can be deduced from eqn (70),
The general solution of equation (71) can be written as,
We will now discuss our stability analysis in the context Newtonian and post Newtonian regimes, this will help us to describe influence of physical factors upon stability of stars in f (R, T ) theory of gravity. We will use equation (70) along with some assumptions given in next section.
IV. NEWTONIAN REGIME
In Newtonian era we will assume that, ρ 0 ≫ P r0 , ρ 0 ≫ P φ0 , ρ 0 ≫ P z0 and A 0 = B 0 = 1. If A 0 = B 0 = 1, we will have A ′ 0 = B ′ 0 = 0. After substituting these assumptions in equation (70), and using equations (71) and (72) along with equation (70), we approach to following inequality, this inequality is describing stability conditions for our stellar model,
where,
The above inequality (73) containing adiabatic index Γ indicates the range of stability analysis of our selected stellar model. This particular inequality has been arranged in a way such that the right hand side of the adiabatic index Γ remains positive. We write some constraints extracted from equations (73) below, for existence of positivity on right hand side of Γ, the constraints given below must be contended,
For post Newtonian approximation, we assume, A 0 = 1 − . If we use these assumptions in equation (70), we will have following inequality,
17(pN ) and K (p) 18(pN ) are the values contained in I 2 , I 1 , K 16 , K 17 and K 18 lying in the post Newtonian era, while other terms in above inequality are described below,
like in Newtonian Regime, again we are supposed to maintain positive sign on the right hand side of the inequality (74) deduced in the post Newtonian regime, for maintaining positive sign following limitations must be satisfied,
VI. SUMMARY AND CONCLUSION
This research article will be helpful to study dynamical instability of charged cylindrically symmetric stellar bodies in the context of f (R, T ) theory of gravity. After introduction, we have constructed Einstein-Maxwell field equations after inclusion of the expressions for shear tensor σ ab and electromagnetic tensor T αβ . The inclusion of energy momentum tensor T αβ enabled us to study about our required circumstances. Equations (35) and (36) helped us to investigate the divergence of energy momentum tensor. We then used these equations to study the deviation of a stellar object from equilibrium state to collapse state. Our derived field equations are ample multifaceted to describe exact solution, thats why we have used perturbation scheme to find approximate solution of instability problem.
We have selected a model i,e f (R, T ) = R + αR 2 + γR n + λT for perturbation and we have used perturbation scheme suggested by Herrera et al, [43] . We have further analyzed field equations and dynamical equations using linear perturbation and developed some relations equations (55 − 58). These results described the initial stages of stability problems, later on, the application of perturbation scheme on 2 nd dynamical equation provided us with collapse equation, (65). We derived expressions for energy density ρ and principal stresses P φ and P z using perturbed forms of field and dynamical equations. A 2 nd order differential equation (71) has been constructed after inclusion of adiabatic index Γ.
Our main purpose is to study the effect of electric charge upon the evolution of star. Charged stellar evolution occurs due to movement of charged or conductive material, sometimes called conductive plasma. There are equally negatively and positively charged particles in plasma which makes plasma a neutral fluid. Although plasma is a neutral fluid, when it is exposed to an electric or magnetic field, situation changes vividly. Plasma has some neutral gas particles apart from negative and positive charged particles. If we consider two ends A and B in the core of a star, number of positively charged particles flowing from A to B are equal to the number of negatively charged particles flowing from B to A. Due to this gust movement of charges, positive and negative charged particles are always colliding with each other. This collision between negatively and positively charged particles stimulates some neutral gas particles present in plasma to release their protons and finally the emission of protons from neutral gas particles disturbs the neutral nature of plasma. We can say that the entire singularity mentioned above generates charge at certain fragment of plasma. The charged fragment of conductive plasma rises above or goes away from the center of star as compared to the uncharged fragment of plasma. The outward movement of charged plasma significantly disturbs the balance of inward and outward pressure of any stellar body. In other words we can also say that this movement increases the instability of stars.
In the Newtonian and post Newtonian regimes, we have developed some two inequalities (73) and (74). We were supposed to keep positivity on the right hand sides of both inequalities having adiabatic index Γ on the left hand sides. For maintaining positive sign on right hand sides of both inequalities, we have written some constraints in N and pN sections. These constraints must be satisfied in order to maintain the positivity on right hand sides.
It can be observed easily that the production of extra constraints or limitations by the end of the analysis of any stellar problem makes a system more unstable. The inclusion of Maxwell's source has given us four extra constraints which have been mentioned in N and pN sections, therefore we can conclude that the effect of electromagnetism can make a stellar system more unstable. 
